The reasons for the change in the mechanical strength of porcelain tableware measured by the impact test with the restraint conditions are discussed. The compressive test was performed on various restraint conditions to investigate the relation between the deformation and the destructive load of tableware. The failure impact energy increased up to 62% by the restraint condition. As the result of the compressive test, it was observed that the angle of backstop affected the deformation of the tableware and the restraint weight changed the destructive load.
Introduction
Recently, the reinforced porcelain has become a major material as school lunch tableware, since the reinforced porcelain has some superior properties, such as high hardness and easy to wash. 1) Various methods for improving the strength of porcelain have been proposed by many researchers, and the results were applied to develop new reinforced porcelain tableware.
2)-6) On washing or transporting, however, the reinforced porcelain tableware has higher possibility of failure as compared with plastics or metal tableware. Therefore the check of the failure impact energy of the reinforced porcelain tableware is important to ensure the actual use.
The authors have already researched the impact test method of the reinforced porcelain tableware using a pendulum type impact tester to clarify the statistics distribution of the failure impact energy. 7) Furthermore, according to the analysis of the crack progress pattern in the tableware failed by the impact test, it was clarified that the initial failure occurred by the tensile stress which was induced by the deformation of the tableware at the impact point. 8) On the other hand, there were some reports that the measurements of the failure impact energy were influenced by the restraint condition of tableware such as the position of the support, but the reason of the phenomenon is not clear yet. 9) In order to perform the suitable impact test, it needs to investigate about the effect by the restraint condition. Since the impact fracture finish in a very short time, it is difficult to consider the influence of a restraint condition only by the result of an impact test.
In this work, the impact and compressive tests of the reinforced porcelain tableware were performed under various restraint conditions. The result of the compressive test showed the interesting behavior of the destructive load and the deformation of the tableware.
Experimental procedure
The commercial reinforced porcelain bowls (φ 131-h 55 mm 157 g) and plates (φ 162-h 42 mm 188 g) were used for the impact and compressive test.
The impact tests were performed using the pendulum type impact tester (RA-112, Research Assist Co.). The impact test was started at the initial impact energy 0.100 J, and the impacts were repeated with increasing in the impact energy increment of 0.020 J until the tableware failure. Generally, the amount of impact energy to fail tableware by an impact test is called "impact strength". In this paper, however, "failure impact energy" was used because the obtained values are expressed as energy (J). The backstop which restrains a tableware horizontal direction is called a V block, because the top view of the back- † Corresponding author: N. Kamochi; E-mail: kamochi@scrl.gr.jp 
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stop looks like the letter "V". In this study, two kinds of backstops, 90° or 150° angle of V-shape, were used. The restraint weight restrains the tableware center and were changed as 0, 5, 10 kg.
The compressive strength of the porcelain tableware were measured by an electrical universal tester (Autograph AGX 10k, Shimadzu Co.) with the restraint unit of the impact tester, as shown in Fig. 1(b) . The center part of the tableware was restrained by the F-clamp with a rubber cap. The deformation of the tableware was measured by the upper cross-head position with the displacement sensor.
All the tests were performed by ten specimens.
3. Result and discussion Figure 2 shows the relation between the restraint weight on the tableware center and the failure impact energy. In the case of the plates measured under the backstop of 150° and the restraint weight of 10 kg, only one specimen failed at 0.68 J, and nine specimens did not fail even at the maximum hammer energy of the impact tester 0.88 J. Therefore, the average of the failure impact energy of the plate for this condition was higher than 0.88 J.
Impact test
The impact test with the 150° backstop showed higher failure impact energy as compared with the 90° backstop in all test conditions, and the rate of increase varied widely between 28% (bowl-restraint weight 0 kg) and 62% (bowl-restraint weight 10 kg).
Furthermore, the failure impact energy increased with increasing the restraint weight on the tableware, except for the condition of the 90° backstop on the bowl. The maximum increase, over 30%, was observed for the combination of the plate and 150°b ackstop. These results show that the tableware restraint condition affects strongly and variously to the measurement values of the failure impact energy.
Compressive test
The crack patterns of the tableware broken by the compressive test were similar with that of the impact test, and the fractographic analysis suggested that the compressive failure occurred under the same mechanism as the impact failure as described above. Figure 3 shows the relationship between load and deformation by the compressive test for the reinforced porcelain tableware. In this figure, two types of subjects are described.
The influence of the restraint of the tableware center is clarified by comparison of Figs. 3(a) and (c), (b) and (d) . The destructive load increased by the restraint of the tableware center, except for the condition of the 90° backstop with the bowl. The deformation until the fracture of the restrained tableware became small compared to the non-restrained tableware. This smaller deformation of the tableware leads to the higher destructive load. The similar effect can be observed on shortening the span length in a 3-point bending test. Therefore, the increase in the failure impact energy with the restrained weight (Fig. 2) may be due to the decrease in the amount of the deformation. On the other hand, under the destructive conditions which lead to the low amount of the deformation, the failure impact energy is independent of the restraint weight (Fig. 2, bowl and 90° backstop) .
The influence of the angle of the backstop is clarified by comparison of Figs. 3(a) and (b), (c) and (d). The deformation values at the destructive point changed by the angle of the backstop, and increased in case of the 150° backstop. On the other hand, the angle of the backstop hardly affected the destructive loads, since the supporting points of the backstop were far from the load point. In order to explain the change in the failure impact energy with the angle of the backstop, it is necessary to consider the energy which can be absorbed by tableware. The absorbed energy (A) of the specimen until its break can be calculated by the triangle area of the load-deformation curve, 10) and the values were inserted in the figure. It indicated that the amount of energy absorbed by the tableware increased at the wide angel of the backstop. The absorbed energy ratio on 150°/90° backstops of the tableware by the compressive tests and the failure impact energy ratio on 150°/90° backstops by the impact tests are listed in Table 1 . The change of the absorbed energy ratio by the conditions show the similar tendency to the failure impact energy, and it indicates that the absorbed energy have relevance to the failure impact energy. Thus, the angle of the backstop affects the amount of energy which can be absorbed by the tableware, and changes the measurements of failure impact energy. 
